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Sialic acid, which is strategically linked to the surface of glycoproteins, glycolipids and free
oligosaccharides, is involved in cellular interaction and communication processes. These
processes are related to the main biological functions of sialic acid, which include immune
system activation, brain development and protection against pathogens. The present
study identified and quantified the classes of sialic acid (Neu5Ac and Neu5Gc) in goat milk
during lactation. Forty-eight goat milk samples from twelve Saanen goats in four lactation
stages were evaluated. Quantification, separation and identification of the compounds
were performed using a chromatographic method. The goat milk contained high
concentrations of sialic acids NeuGc and NeuAc, which then declined at the end of
lactation. NeuGc had higher concentrations compared to NeuAc in all the lactation phases.
Considering these aspects, the presence of these elements in goat milk provides a
potential source of bioactive compounds that can be used as functional ingredient
in foods.
& 2015 Elsevier B.V. All rights reserved.1. Introduction
Sialic acids found in vertebrates and some microorgan-
isms are among the most biologically relevant molecules
capable of acting in various biological events due to their
strategic position in the cell membrane. Structurally, they
compose glycoproteins, glycolipids and free oligosacchar-
ides, which are involved in the main biological functions of
sialic acids. Due to their superficial location on acidic
molecules, these acids are generally involved in cellular- 14/2012 – Faixa B;
nsversal no. 06/2011
55 83 8846 8387.
.E. Queiroga).interaction and communication processes and the protec-
tion of macromolecules and cells from enzymatic and
immunological attacks. They also act as a recognition site
for various physiological receptors, facilitating the coloni-
zation of microorganisms and the action of pathogenic
toxins. In addition, sialic acids play a role in brain devel-
opment, infant cognition and memory and, more recently,
they have been associated with potential risk factors for
tumors, cancer, diabetes and other complications (Tang
et al., 2008; Wang and Brand-Miller, 2003; Yi et al., 2014).
As components of the acidic portion of oligosaccharides,
sialic acids are important constituents of mammalian milk,
with variation among species (Meyrand et al., 2013). Due to
the high concentration sialic acid, breast milk is the main
source of these compounds for infants, and they aid in
digestion, cognition and the reduction of intestinal infections.
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substitute to milk of other animals for use as a nutritional
source for infants as a medicinal food, and, despite the
presence of lower amounts of sialic acid compared to human
milk, its content in goat milk is near that of the other
ruminants (Cornale et al., 2014; Silanikove et al., 2010;
Spichtig et al., 2010).
Several factors may influence the total sialic acid concen-
tration in milk, including species, feed management and
climatic conditions. The lactation phase also has an influence,
as demonstrated in the milk and colostrum of ruminants
(Useh et al., 2008). The most frequently forms of sialic acid
routinely found in milk is the N-acetylneuraminic acid
(Neu5Ac) and N-glycolylneuraminic acid (Neu5Gc) (Schauer,
2004; Lacomba et al., 2010). However, studies have not yet
indicated the concentration of sialic acid and its main forms in
goat milk produced in northeastern Brazil while also assessing
the variation throughout the lactation period.
In this context, this study aims to identify and quantify
the types of sialic acid (Neu5Ac and Neu5Gc) in goat milk
raised in northeastern Brazil and assess their variation
during four lactation periods.
2. Material and methods
2.1. Animals, samples and reagents
Fresh milk was collected from the Goat Sector, Federal
University of Paraíba (UFPB), Paraíba, Brazil. A total of
twelve Saanen goats were selected, with 38.172.6 kg of
live weight, milk yield of 1.8 L/day and maintained at an
intensive system. The animal diets were composed of
Tifton hay (Cynodon spp.) as forage and concentrate
composed of corn meal, soybean meal, supplemented with
mineral mixtures. The diets were prepared according to
NRC (2007) guidelines in order to meet the milk produc-
tion requirements of 2.0 kg/day, with 4% of fat.
The animals were manually milked once a day at
6:00 am. The milk samples were collected from each
animal in four stages: the first at 85 days and the remain-
ing three every twenty days thereafter, for a total of 48
milk samples. The collection periods were identified as I, II,
III and IV, respectively, from November 2013 to January
2014. The animals were placed in a milking room, where,
after washing the teats with an appropriate solution, an
aliquot of 100 mL of milk was collected from each animal
and stored in sterile polypropylene bottles in a freezer
(4 1C).
Formic acid, acetic acid, sodium hydrosulfite and 2-
mercaptoethanol (HPLC grade), were purchased from
Sigma-Aldrich. Standards for identification and quantifica-
tion of sialic acid, N-acetylneuraminic acid (Neu5Ac/
Z98%), N-glycolylneuraminic acid (Neu5Gc/Z95%) and
the derivatization reagent DMB (1,2-diamino-4,5-methy-
lenedioxybenzene) were obtained from Sigma-Aldrich.
Methanol (HPLC grade) was purchased from Merck and
water was obtained from a Milli-Q water purification
system (Millipore, Bedford, MA, USA). The DMB reagent
(7 mM) was prepared in acetic acid solution (1.4 M) with
the addition of 2-mercaptoethanol (0.75 M) and sodium
hydrosulfite (18 mM).2.2. Procedures
The samples were analyzed for macronutrients in tripli-
cate for the following physicochemical parameters according
to methodology proposed by Association of Official Analy-
tical Chemists (AOAC, 2010): fat, protein and lactose.
The preparation of sialic acid solution in the collected
milk followed the methodology used by Spichtig et al. (2010),
with modification. In a 100 mL volumetric flask, 10 mL of
milk and 50 mL of ultrapure water were heated at 60 1C and
were transferred to room temperature for 10 min with
stirring. Then, the solution was cooled to room temperature
and the flask volume was filled with ultrapure water. From
this solution, 200 mL was collected and transferred to tubes
containing the same volume of 1 M formic acid, and this
solution was subjected to hydrolysis for 2 h at 80 1C. The
hydrolyzed sample was cooled on ice, concentrated using the
Vivaspin2 (GE Healthcare – 30 kDa) and centrifuged for
10 min at 5000 g. From the hydrolyzed filtrate, 100 mL was
transferred to test tubes containing the same volume of the
DMB reagent, and the solution was heated at 80 1C for
50 min. The derivatized samples were cooled on ice and
diluted with the addition of 800 mL of ultrapure water.
2.3. Chromatographic analysis
The HPLC analyses of derivatized samples and sialic acid
standards were performed on a Shimadzu Prominence liquid
chromatograph operated with the LC Solution™ software
(version 1.25). The elution of samples was performed on
a Zorbax SB – Aq Rapid Resolution column (3.5 mm;
4.650 mm), from Agilent Technologies, maintained at
30 1C. The samples were detected at an emission wavelength
and fluorescence excitation of 448 and 373 nm, respectively,
using a 4 gain, intermediate sensitivity, a response time of
1 s and a sampling rate of 2 Hz. The isocratic mobile phase
used for sialic acid samples derivatized with DMBwas water/
methanol/acetic acid (75:25:0.05 v/v/v). The analyses were
performed at a flow rate of 1.0 mL min1, injection volume
of 10 mL and total running time of 5 min. The column was
washed with water and conditioned with methanol (Merck –
HPLC grade) at the end of analyses. Derivatized sialic acids
Neu5Ac and Neu5Gc were eluted with the retention times of
approximately 2.5 and 3.3 min, respectively. Calibration was
performed using a mixture of Neu5Ac and Neu5Gc standards
treated in the same manner as the milk samples, but without
heating during the hydrolysis step. The quantification was
performed by external standardization using the peak areas
for the calculations. The pool solution of Neu5Gc and Neu5Ac
standards for calibration curve was prepared in concentra-
tions of 0.02, 0.05, 0.10, 0.20, 0.30, 0.40 and 0.50 mg mL1.
The Limit of Detection (LOD) was defined as the lowest
analyte concentration yielding a signal-to-noise ratio 3.3, the
Limit of Quantification (LOQ) was defined as the lowest
analyte concentration yielding a signal-to-noise ratio of 10
(ICH, 1994).
2.4. Statistical treatment
Data evaluating the effect of lactation periods was
submitted to ANOVA, and the means were compared by
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acids found, Pearson correlation and regression tests were
performed. Statistical analyses were performed with the
aid of the statistical package SAS 9:1 (SAS, 2002).Fig. 1. Sialic acid chromatogram: standards and reference samples.
(1) Neu5Gc, (2) Neu5Ac – Standards – Goat Milk.3. Results and discussion
The mean protein, lipid and lactose contents of goat
milk as a function of the lactation period are shown in
Table 1. It was observed that only the lactose content
varied (po0.05) with time, declining from phase III, i.e., at
125 days of lactation.
The lactation period is an important factor of variation
in the characteristics of milk composition. Studies indicate
that the protein, fat and lactose contents increase through-
out lactation (Aganga et al., 2002; Prasad and Sengar,
2002). Fat is the component with the most variation
within milk composition, and some dietary factors are
limiting in this regard in goat milk, including the amount
of fiber and water intake, emphasizing that the higher the
forage content in the diet, greater the fat content in milk
(Zervas and Tsiplakou, 2011). The diet offered in this study
was homogeneous (NRC, 2007) and perhaps by the fact
that the lactation periods studied correspond to a stable
phase of lactation curve related with milk production (data
not shown) and concentration of macronutrients, this may
explain the non-variability in the fat. The same behavior in
the same periods of lactation of this research was noted by
Gomes et al. (2014), evaluating the lactation curve, milk
production and the quality of Saanen goats milk fed with
diet composed of soybean meal as the protein source.
The average lactose contents of goat milk declined over
the course of lactation, with higher values in the early
months. This is consistent with the regression test applied
on macronutrient content, in which a significant reduction
(po0.01) was only observed in the lactose content
(r¼0.463) with increasing lactation time. Costa et al.
(2009), reported that the lactation period is an important
factor in the variation of characteristics of goat milk
composition. According to the authors, the amount of milk
produced and the lactose content is reduced later in the
lactation period, with a possible increase in fat and protein
contents. However, Queiroga et al. (2007) and Gomes et al.
(2012), observed different relationships. Gomes et al.
(2004) reported that most studies have assessed the milk
composition for a short lactation period, causing discre-
pancies among the results.Table 1
Mean values of macronutrients (g/100 g) of goat milk as a function of the lact
Periods Variants (%)
Lactose SEM* Lipid
I 4.69a (70.23) 0.068 3.51 (7
II 4.59a (70.22) 0.063 3.39 (7
III 4.31b (70.29) 0.085 3.38 (7
IV 4.17b (70.15) 0.044 3.51 (7
Averages in the same column followed by different lowercase letters differ sta
n SEM: Standard Error of Mean.Fig. 1 shows chromatograms of the sialic acid standard
solution and of the goat milk sample of the present study.
The acids were clearly separated from the other compo-
nents in the samples and had retention times similar to
the external standards. The results are similar to those
obtained by Spichtig et al. (2010) in the assessment of
various milk-based products. It is noteworthy that the
peaks observed in this study, with regard to the sialic acid
concentrations, are larger than those reported by these
authors, even though the same methodology was used.
Thus, the method used to determine sialic acids naturally
present in goat milk showed analytical efficiency from the
point of view of sample preparation and separation by
chromatography.
Sialic acids were identified during lactation. However,
their concentrations varied in all collection periods, which is
consistent with data reported by Useh et al. (2008), in which
variation was observed in the sialic acid levels in colostrum
and post-colostral milk in bovines, goats and sheep. Looking
at the contents of ganglioside and sialic acid in goat milk,
Puente et al. (1994) also reported changes in these contents,
the first 60 days of lactation. Fig. 2 shows the two types of
sialic acid evaluated in the four lactation stages and the
elution of NeuAc and NeuGc, respectively, which are
observed at the same retention times.
The quantification of NeuAc and NeuGc in the evaluated
samples was performed using external standards. The equa-
tions for peak area were obtained from the standards for use
in the calculation of NeuAc and NeuGc in the samples and
are y¼3876272xþ354063.3 and y¼3186512xþ284726.3,ation stage.
SEM* Protein SEM*
0.36) 0.104 3.03 (70.35) 0.103
0.71) 0.205 2.98 (70.26) 0.074
0.52) 0.151 2.83 (70.23) 0.067
0.41) 0.119 3.11 (70.30) 0.086
tistically (po0.05) according to the Tukey test.
Fig. 2. Chromatograms of goat milk samples collected during lactation period. I (A), II (B),III (C) and IV (D). (1) Neu5Gc, (2) Neu5Ac.
Table 2
Mean values of concentrations for NeuGc, NeuAc and Sialic Acid (mg
100 g-1) of goat milk as a function of the lactation stage.
Periods NeuGc NeuAc Sialic Acid*
I 28.80 (71.21) 17.70 (70.79) 46.5
II 40.10 (71.25) 23.00 (70.69) 63.1
III 29.10 (71.61) 20.90 (71.81) 50.0
IV 7.40 (70.17) 4.80 (70.21) 12.2
I: first collection period, 85 days; II: second collection period, 105 days;
III: third collection period, 125 days; IV: fourth collection period,
145 days.
n Sialic acid calculated as the sum of Neu5Ac and Neu5Gc.46.5.
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of standard solutions, from 0.02 to 0.5 mg mL1. The limit of
detection (LOD) was 0.02 mg mL1 and the limit of quanti-
fication (LOQ) was 0.05 mg mL1 for both NeuGc and NeuAc.
The methodology applied obtained a coefficient of linearity
very close to one, r¼0.9974 and r¼0.9971 for NeuGc and
NeuAc, respectively, which shows strong linearity between
the variables, standard concentration and time, and indicates
the efficiency of the method.
The acids in goat milk at different lactation periods had
the average concentrations for NeuGc, NeuAc and Sialic
Acid exposed in the Table 2. The sialic acid values found in
this study are higher than those reported for Useh et al.
(2008) that showed, after 90 d of lactation 11.25 g dl1 of
sialic acid in goat milk, in comparison to 46.5 mg 100 g1
of this study, approximately in the same lactation period
(period I). Likewise, Spichtig et al. (2010), did not specify
the period analyzed, but reported values near to period IV
of this study, in general of 9.77 mg 100 g1 and 7.40 mg
100 g1 for NeuAc and NeuGc, respectively, in goat milk. In
Fig. 3, the values of concentrations for NeuGc and NeuAc
show a decrease over the periods, with maximum values
of 40.10 and 23.00 mg 100 g1 in the second period. In this
same figure, was illustrated the difference between these
values, with a significance in the concentration of NeuGc
(po0.05) observed exclusively in the fourth lactation
period, when compared to the others three periods. Thisevent was the same to NeuAc sialic acid, when compared
your concentration in all of the period of lactation.
The concentration of sialic acid in milk during lactation
is variable, however, is not yet understood how occur the
transfer of these compounds or if they are generated the
same way as another substances that comprise the milk in
the mammary gland, but may be due to the activity of the
enzyme CMP-sialic acid hydroxylase, present on the mam-
mary gland (Urashima et al., 2001). The biosynthesis and
metabolism of sialic acids are recent reviews by Li and
Chen, (2012), in the meantime, it is known that the
synthesis of Neu5Ac begins in the cytosol and comprises
the biosynthesis of UDP-GlcNAc and the formation of sialic
Fig. 3. Mean concentration values of each sialic acid of goat milk as a
function of the lactation period. NeuGc NeuAc .
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2009). In this context, in human milk, Wang et al. (2001)
reported a decline during lactation of these compounds,
emphasizing that it is unknown why the concentration of
sialic acid corresponds to the stage of lactation.
When a regression test was applied to sialic acid concen-
trations, a quadratic regression was observed (po0.01), with
the NeuGc value (r¼0.492) at a maximum point calculation of
2.024 (at approximately 105 days of lactation). Likewise,
NeuAc (r¼0.333) was significant (p¼0.0015), with a max-
imum point calculation of 2.185. The average standard error
values were 0.09 and 0.33, respectively, for NeuGc and NeuAc,
and the quadratic regression equations are shown in Fig. 3.
The Pearson correlation applied between sialic acid con-
centrations and macronutrients was positive (p¼0.0035) for
lactose and NeuGc (r¼0.434), due to the participation of this
acid in the structural composition of lactose-related com-
pounds, more precisely, in the oligosaccharide chain. Correla-
tions between NeuAc and lactose concentrations and between
lipids and proteins and the sialic acids evaluated were not
significant. The correlation between sialic acid and lactose has
not been reported; however, it is known that the lactation
period and lactation persistency, as well as other known
factors, influence the concentration and composition of the
compounds in goat milk (Morand-Fehr et al., 2007).
In goats, specific genes (CSN1S1) affect the composition
of oligosaccharides and other glycoconjugates with a
direct affinity for sialic acid, which is noted as a key
structural element for biological activities. In addition,
these genes are directly related to the synthesis of αS1
casein, lipid and the micelle structure of goat milk and are
strongly associated with genetic factors that influence the
biosynthesis of specific compounds, namely, oligosacchar-
ides, and thus represent an excellent source of functional
ingredients (Meyrand et al., 2013).
The limited number studies on the concentrations of these
compounds impair comparisons between the values obtained;
however, these findings highlight the different concentrations
in goat milk, and if functional biological effects of these
compounds to humans are proven, can add value to this
product in this region. In addition, the results showed the
technological potential for the detection and use of these
compounds in the production of infant formulas due to theiraction as potential bioactive compounds. Further studies
aimed to increase the knowledge of such compounds as well
as their technological, nutritional and functional potential
should be carried out.
Saanen goat milk in Northeast Brazil has a significant
concentration of the sialic acids NeuGc and NeuAc, which
declines at the end of lactation. Accordingly, these ele-
ments in goat milk are a potential source of bioactive
compounds with beneficial effects for human health and
of potential functional ingredients in foods.
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